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This thesis addresses more reliable and precise novel positioning algorithms for automotive applications
using low-end single-frequency Global Navigation Satellite System (GNSS) receivers. In addition, it refers
to the detection and correction of Doppler-observable outliers and precise point positioning (PPP)/very
precise point positioning (VPPP) algorithms using single or double-difference (SD/DD) observables based
on the GNSS regression (GR) models.

First, mathematical models of pseudoranges, Doppler shifts, and carrier-phase measurements are derived as
basic equations for the positioning. The GR models for DD-based observables are shown, which are similar
to the GR models for relative positioning algorithms; however, all antenna positions are unknown. The
Kalman filtering algorithms for recursive estimation of all antenna positions and DD-based integer
ambiguity of all carrier-phases are derived.

Second, methods of detecting Doppler outliers that cause positioning errors at Doppler-aided GNSS
positioning for automotive applications and methods of correcting these errors are referred. The detection
method based on the innovation process in Kalman filtering and that based on the measurements made on
the basis of the difference between C/A code delta-ranges and Doppler shift range-rates are referred. Then,
two correction methods, namely the Doppler outlier exclusion and Doppler outlier estimation, are proposed.

VVPPP update algorithms based on geometric distance constraints estimate the parameters more precisely,
including antenna positioning and integer ambiguities. Observables by four antennas on a squared board in a
static situation are used for the positioning. Compared with the conventional PPP/VPPP algorithms,
DD-based PPP/VPPP algorithms are shown to generate more precise positioning results, i.e. approximately
50-cm root-mean-square €errors.

Finally, the estimation algorithms of Euler angles based on baseline vectors for attitude estimation are
referred. When we obtain very precise positions of antennas disposed in a plane, we estimate the Euler
angles from the baseline vectors of multiple antennas using the least-squares method. The so-called GNSS

gyro can be realized as an application of the above-proposed positioning methods.



